Abstract: Intra-articular injection of platelet-rich plasma (PRP) has been established as a suitable treatment for knee osteoarthritis. Here, we present a double-blind randomized controlled clinical trial, conducted in a public Hospital of the Spanish National Health Care System, to evaluate the efficacy of injecting autologous PRP versus hyaluronic acid (HA) in knee osteoarthritis. PRP was manufactured in Malaga's Regional Blood Center (Spain). Patients that met the eligibility criteria were randomized into a PRP group or a HA group. Pain and functional improvements were assessed pre-and post-treatment (three and six months follow-up) using the Visual Analogue Scale (VAS); the Knee and Osteoarthritis Outcome System (KOOS) scale and the European Quality of Life scale (EUROQOL). Both groups presented pain reduction at six months. The VAS scores for the PRP group improved by at least 50% from their initial value, particularly at three months following the final infiltration, with results resembling those of the HA group at six months. PRP was more effective in patients with lower osteoarthritis grades. Both treatments improved pain in knee osteoarthritis patients without statistically significant differences between them. However, PRP injection was proved to improve pain three months after the final infiltration and to be more effective in lower osteoarthritis grades.
Introduction
The increase in average life expectancy and the high incidence of knee arthritis has led to a search for less aggressive alternatives to joint replacement with a lower financial impact on the health system. Some novel strategies are based on stimulation methods for cartilage repair or for the inhibition of catabolic enzymes, gene therapy, artificial replacement cartilage and the use of growth factors.
Platelet-rich plasma (PRP) is a natural concentrate of autologous growth factors obtained through centrifugation of a patient's own blood. PRP is obtained at a low cost and in a simple and minimally invasive manner using an "open technique" in blood banks or through a "closed technique" using disposable commercial kits. Bioactive cytokines and proteins from the platelet's alpha granules induce chemotaxis, cellular migration, proliferation, differentiation and extracellular matrix production [1] . In addition, these proteins increase the release of angiogenic growth factors [2, 3] contributing to tissue regeneration and cicatrisation [4] . The main growth factors contained in PRP are platelet-derived growth factor (PDGF), transforming growth factor β (TGF β), insulin-like growth factor (IGF-1) and fibroblast growth factor (FGF). Interestingly, these factors have been proved to be involved in chondrogenesis and cartilage regeneration [5, 6] .
Local infiltration of PRP, extensively studied in maxillofacial pathology [7, 8] , has achieved good results in soft tissue injuries [9, 10] . Although the regenerating potential and role of PRP in stabilizing angiogenesis in arthritic knees has been recognized [2, 11] , its use in articular pathology has not yet been sufficiently supported by controlled studies. In fact, the hypothesis that PRP reduces pain has been argued by several studies [12] [13] [14] . Nevertheless, when pain persists after oral anti-inflammatory or analgesic medications the intra-articular injections of corticosteroids (CS), hyaluronic acid (HA) and platelet-rich plasma (PRP) is indicated before a surgical treatment is performed [15, 16] . A revision of the conducted clinical trials evidence that intra acicular injections of HA may be useful in patients with knee osteoarthritis (OA). They are characterised by delayed onset, but prolonged duration of symptomatic benefit, such as improvements in pain on weight bearing, when compared to injections of corticosteroids [16] . A recent clinical study conducted by Sánchez and Anitúa et al. [17] concluded that PRP manufactured in a closed system designed and commercialized by the authors was shown to be more efficient in controlling pain than HA treatment.
The Spanish Agency of Medicines and Medical Devices (AEMPS) [18] has considered that the product known as PRP, obtained by blood centrifugation, is neither a hemo-derivative nor a biological product, but a medicine for human use. As such, PRP must be manufactured and supplied. AEMPS established that obtaining and processing this product must follow the standard quality-control measures for blood-derived products. Some authors indicate the need of more independent, prospective, randomized and controlled studies before PRP infiltration can be accepted into current practice [19] [20] [21] . In this respect, we present the first clinical trial performed under the directives of the AEMPS to test the efficacy of PRP infiltration to treat arthritic knees.
The initial hypothesis of the present study was that patients would get improved OA treatments if a close relationship between two health public centres were established. To test so, the main objective of the present study was to determine the efficacy of a clinic protocol developed in public healthcare centres that allow patients to benefit from the analgesic power of their own plasma, obtained from just a single puncture, processed in accordance with the safety regulations established by AEMPS.
Results
Based on the selection criteria (Table 1) , 55 patients were chosen for this study and later randomized into a PRP group (n = 28) (group I) or a HA group (n = 27) (group II). One patient from group I was excluded by impossibility of venepuncture and one patient from group II needed arthroscopic surgery, and thus 27 patients in group I and 26 patients in group II completed the trial (Figure 1 ).
• Table 2 shows the baseline characteristics of all patients where no differences were found in the parameters measured between groups. Briefly, there were 21 males (39.6%) and 32 females (60.4%), with an average age of 63.9 years (˘8.8) and body mass index of 29.9 (˘4.6). In 25 of 53 cases (47.2%), patients had pain in both knees, although they experienced more severe pain in the treated knee. For 28 of 53 patients (52.8%), symptoms were unilateral. The radiological osteoarthritis, measured using the Kellgren-Lawrence scale, was grade I in seven of 53 patients (13.3%), grade II in 19 of 53 patients (35.9%) and grade III in 27 of 53 patients (50.9%). The distribution of these variables in both groups was similar and, as such, the samples were considered homogenous. PRP group patients were injected with PRP rich in platelets and weak in leukocytes and red blood cells, the composition of PRP is shown in Table 3 . In order to test the platelet growth factors content of the PRP injections and the safety of PRP freezing and thawing cycle, patients PRP samples were analysed for growth factor concentration: hepatocyte growth factor (HGF), epidermal growth factor (EGF), fibroblastic growth factor-2 (FGF-2) and platelet-derived growth factor (PDGF) ( Table 4) . Although growth factor concentration varied from patient to patient, results showed that the concentration of growth factors of the PRP injections used in this study met requirements of commercials platelet concentrate used for transfusion therapy, such as MagellanPRP TM (Global Orthobiologic, Miami, Florida, USA). Only two samples showed a low concentration of FGF-2, which could be due to methodological issues because the concentration of the other three growth factors in the same samples was normal. Patients were clinically evaluated before the treatment, and at three and six months after the end of the treatment. Adverse events relating to infiltration were infrequent, mild and appeared immediately, and their distribution between both groups did not show significant differences. There was pain related to infiltration in nine of 27 PRP injections and in four of 26 for HA, but only one patient (in PRP group) had transitory swelling that resolved itself. No relationship between these events and the growth factor or blood cell composition of PRP was found.
Improvements were indicated on all of the pain scales used in this trial after treatment with both HA and with PRP. The knee injury and osteoarthritis outcome score (KOOS) symptoms subscale, excluding function in sport and recreation, showed improvement throughout treatment in both groups. Although, no statistically significant differences between groups were found at either three or six months after treatment, the symptoms subscale showed a tendency toward improvement in the PRP group after six months (p = 0.068). No differences were found in KOOS scale scores between patients with bilateral or unilateral symptoms. For patients with arthritis grade II, daily activities (ADL) at three months follow-up improved significantly on the KOOS scale in the PRP group as compared to the HA group (p = 0.040). At six months follow-up, pain decreased for arthritis grade II patients injected with PRP (p = 0.012) with improvements in function in daily living (p = 0.013) and function in sport and recreation (p = 0.021). On the other hand, in patients with arthritis grade III, no KOOS differences between PRP and HA groups were observed.
On the euro quality of life (EUROQOL) scale, patients injected with PRP improve mobility scores after three months from treatment when compared with HA group (p = 0.15), and the results were maintained, though not in a statistically significant manner, after six months follow-up (p = 0.9). Daily activities at three months follow-up improved slightly more in PRP group than in the HA group, nine of 27 patients in the PRP group versus three of 26 patients in the HA group (p = 0.14), and these differences in improvement were maintained at six months (seven of 27 versus three of 26), though without reaching statistical significance (p = 0.47). Additionally, personal care was maintained or improved at three months follow-up in more patients in PRP group when compared with hyaluronic acid HA group (25 of 27 versus 17 of 26) (p = 0.13). Similar results were obtained at six months follow-up (22 of 27 versus 18 of 26). On the pain subscale, positive evolution was noted in the PRP group, although not significantly, with more patients reporting improvements in pain at three and six months follow-ups (p = 0.44 and p = 0.63, respectively). Only two of 27 patients in the PRP group and four of 26 patients in the HA group experimented an increase in pain at six months follow-up from treatment with respect to the basal value (Table 5 ). On the contrary, control group patients, treated with oral therapies, did not show improvements in the health related quality of life. After six months of treatment, 56% to 66% of the patients had worsened his condition, and 43% to 33% had not improved it at all (Table 6 ). After six months from treatment, the VAS value improved in both groups (p = 0.001). It should be noted that, at three months follow-up, the PRP group experienced a reduction of at least 50% of the initial VAS value that was superior to the pain reduction experimented by patients treated with HA, although with no statistical significance (p = 0.22) ( Table 7) . Acetaminophen was required by some patients with no significant differences between the PRP and AH groups (p = 0.78).
In the control group (patients treated with oral therapies), only 10 patients (33.3%) showed a decrease of 50% in VAS score when compared with the baseline, after three months of treatment. This result worsened even more after six months of treatment with only three (10%) patients maintaining the 50% VAS score reduction. Knee arthritic patients suffer from a high prevalence of pain, specifically of the knee, that have to be managed by chronic pain treatment units. In the present study, 36 patients were treated by orthopedics and 17 patients were treated by anesthetists. There were no differences between patients selected and treated by either specialist, with similar end results reported on all scales six months after treatment (Table 8 ). 
Discussion
PRP have emerged as an alternative treatment of severe knee osteoarthritis. Here, we have tested the effectiveness of PRP injections to treat osteoarthritis patients in the context of the public health care system. Whole blood was extracted from the patients and PRP was processed, analysed and stored by a public transfusion centre and the surgery intervention was performed by the orthopedic service of a public hospital. Others studies have shown the benefits of PRP injections, demonstrating that the treatment improves pain control when compared with placebo [17, 21, 22] . In the present trial, HA injection was used as control treatment in agreement with previous clinical studies [17, [23] [24] [25] .
The selection criteria were established based on similar studies. Specifically, patients with Kellgren-Lawrence grade IV osteoarthritis were excluded because it has been proved that, in such cases, the intra-articular non-cortisone treatment is less effective (19) . Just one patient was lost from group II (HA) once the study was underway, which represented a loss rate of only 1.8%, significantly lower than in previous studies [21] .
Following AEMPS recommendations, serology testing for infectious diseases was performed prior to the study preventing antigenic contamination by syphilis in one patient and by hepatitis in other. The data on serology testing reinforces the importance of carrying out serology prior to a study.
Some authors have questioned the suitability of the use of frozen samples of PRP, due to a possible reduction of growth factor concentration [26] . However, several clinical trials have been performed using frozen PRP and have reported clinical improvement in knee osteoarthritis patients [13, 23, 27, 28] . In agreement, other studies support the idea that freezing does not alter the beneficial effects of PRP on chondrocytes and synoviocytes [29] . In the present study, we demonstrate that stored autologous PRP frozen samples seem to maintain the necessary growth factors for promoting a beneficial effect on pain decrease in osteoarthritis patients. The concentration of growth factors of the PRP injections used in this study met requirements of prepared platelet concentrate used for transfusion therapy [26] .
Here, we used PRP rich in platelets and poor in leukocytes, in agreement with previous studies [30] ; however, the ideal leukocyte content is still under debate and it appears that, depending on the pathology, a higher concentration of leukocytes might be beneficial [31] . Some studies have even reported favourable clinical outcomes even with lower platelet concentrations [23, 32, 33] , but variability in the secretion of platelet granules among patients, and even at different times in the same patient, make it difficult to compare the results obtained. We want to emphasize that, in our study, PRP for each patient was produced after a single extraction, and the three administered doses were identical in composition, reducing variability between PRP injections. Our system, when compared with the use of commercial kits, minimizes the risk of contamination and the risks related to the repeated venipuncture processes performed on the patient. In summary, PRP was obtained by a single extraction and manipulated and stored in installations that met quality and safety standards guaranteed by a homologated blood transfusion center (Regional Blood Center, Málaga, Spain).
A six-month period was established as the end point for testing because it has been shown that the benefits provided by the intra-articular injection of PRP appears to be reduced after six months from treatment [34] . The results of patients' evaluations demonstrate that an improvement on all clinical scores tested was obtained from the basal evaluation, to the three and six month follow-ups following both treatments; on the other hand, patients treated with oral therapies did not show amelioration. The KOOS symptoms subscale showed that PRP injections were more effective than HA injections in patients with grade II arthritis, but not as effective in patients with grade III arthritis. In agreement with the present work, recent studies have shown that PRP is as effective as HA in the treatment of knee arthritis, showing more effectiveness for patients with lower grades of arthritis [20, 35] . On the EUROQOL scale, scores improved in both treatments after six months, with a slight, although not significant, increment in favourable recovery in the PRP group compared with the HL group. Furthermore, patients in the PRP group experienced a reduction of at least 50% of their initial VAS pain levels. Others authors have reported that patients treated with PRP experimented the same reduction (50%) on the VAS scale but only after six months from treatment [17] , this discrepancy with our data could be explained by the difference in the number of patients enrolled in each study.
Previous studies that include basic research and preclinical and clinical trials have produced evidence of the beneficial effects of PRP treatment for OA patients. A thorough review of those research findings made by Xie et al. [36] revealed the anti-inflammatory potential of PRP, its anabolic effect on chondrocytes mesenchymal stem cells (MSCs) and synoviocytes, and even its possible role in cartilage regeneration acting as a bioactive cell scaffold.
Although clinical evidence has favoured PRP over HA for treatment of OA, the viscose nature of HA and its proven beneficial effect in reducing pain and improving viscoelasticity of synovial fluid cannot be underestimated. In fact, the active anti-inflammatory or chondroprotective effect of HA has been reported [37] . In this context, a recent relevant study has proposed the combined use of PRP and HA, demonstrating that PRP addition is not detrimental to the viscosupplementation effect of HA [38] .
Finally, we would like to state that circuits have been developed in public healthcare centres that allow patients to benefit from the analgesic power of their own plasma, obtained from just a single puncture (with the same composition) and processed in accordance with the safety regulations established by AEMPS. This method improves PRP obtained from commercial centrifugation systems, which require a puncture each time and provide a different composition in each infiltration, depending on the haematological status of the patient.
Further studies are needed to improve medical evidence available and to allow for the compilation of a specific technical dossier before PRP can be accepted into current practice.
Experimental Section

Interventional Study
The present clinical trial was registered as EUDRACT: 2013-001303-36 in European Clinical Trials Database and as Identifier: NCT02448407 in US ClinicalTrials.gov.
The full trial protocol can be accessed in the AEMPS registry, protocol EMH-PRP-2013.
Participants
A total of 58 patients who suffered from knee pain were initially recruited from January to March 2014. Informed concern was obtained from all patients and the study was declared to meet ethical standards by the ethics committee of the Virgen de la Victoria Hospital and AEMPS (EMH-PRP-2013; 29 October 2013).
Patients were aged between 40 and 80 years, had arthritis level I, II or III on the Kellgren-Lawrence scale and pain intensity greater than five on the Visual Analogue Scale (VAS). In case of bilateralism, the more severely-affected knee, based on pain level, was treated. The patient inclusion and exclusion criteria are outlined in Table 1 .
According to AEMPS criteria, patients were not included if they were positive for syphilis (RPR), hepatitis and/or HIV, two patients were positive and consequently excluded for the study. Another patient was excluded due to the appearance of a pathology requiring necessary anticoagulation. Platelet count greater than 150.000/mm 3 was established as inclusion criteria. No patient took anti-aggregants or anticoagulants in the five days prior to blood extraction.
Study Design
After the recruitment phase was completed, 55 patients were eligible for the study according to the inclusion criteria. Patients were assigned using a table of random numbers unknown to patients and to those assessing the outcomes. Twety-eight patients were assigned to group I, to be injected with PRP, and 27 patients to group II, to be treated with HA.
A total of 150 mL of venous blood was taken from all patients using a 16 gauge needle into a bag container holding 21 mL of citrate, phosphate and dextrose (CPD) as an anticoagulant, at the Regional Blood Transfusion Center, which also houses the Umbilical Cord Bank [39] . Group I samples were used to isolate PRP while group II samples were used for a routine blood test. One patient belonging to the PRP group was rejected due to the impossibility of venipuncture. Once the study had begun, one case belonging to HA group was excluded, as she needed arthroscopic surgery due to meniscal tear. Therefore, the study concluded with 27 patients in group I (PRP) and 26 in group II (HA) (Figure 1) .
The PRP manufacturing process was performed in the Regional Blood Transfusion Center according to the methods previously described by Marcacci et al. [13] . Briefly, 150 mL of whole blood was distributed into four Falcon test tubes (Thermo Fisher Scientific, Madrid, Spain) that were subjected to double centrifugation and cellular testing, drawing samples off each tube into three opaque syringes for administration to the patient. The fourth tube was reserved for quality-control testing, which included a blood culture for bacteriological testing and a measurement of the concentration of growth factors. Frozen stocks of PRP for each patient were analysed by ProcartaPlex Simplex Human Kit (Affymetrix eBioscience, Vienna, Austria) to quantify growth factor content (HGF, EGF, FGF-2 and PDGF).
Outcome Measures and Follow-up
Patients were treated with three intra-articular injections given at 15 day intervals. Local anaesthesia was not used and the infiltrations were not ultrasound guided. In group I, PRP was administered after thawing at 37˝C for 30 min. The patients assigned to group II were treated with HA in the form of sodium hyaluronate (Adant ® , Manufactured by Tedec-Meiji Farma, Alcalá de Henares, Madrid, Spain, Molecular Weight: 799.638329 g/mol). Adant ® , hyaluronic acid, is obtained from cultures of the bacteria Streptococcus zooepidermicus and is supplied as disposable sterile syringes containing 2.5 mL sodium hyaluronate (25 mg). The patient did not know what was being infiltrated, as the syringes for both groups were opaque. Researchers not involved in infiltration and blinded as to which group the patients were assigned carried out patient data collection. The evaluation scales applied at the start of the study were repeated following the third infiltration and after three and six months following the final infiltration, ending the trial. The evaluation scales used were the following: (i) Visual Analogue Scale (VAS), which measured the intensity of the pain experienced by patients [40] ; (ii) Knee and Osteoarthritis Outcome System (KOOS), which consisted of five subscales that measure pain, symptoms, function in daily living, function in sport and recreation and knee-related quality of life. This scale was used to determine functional repercussions [41] and (iii) European Quality of Life Scale (EUROQOL), which provided data related to quality of living standards [42] .
The oral rescue analgesia allowed in both groups was Acetaminophen 1 g, up to a maximum dosage of 4 g per day. The patient recorded the amount of rescue analgesia needed on a daily basis up to the end of the study. In each group, the procedure's safety was measured by the appearance of pain or inflammation following infiltration and for delayed adverse effects such as infection, muscular atrophy, profound venous thrombosis, hematoma, tissue hypertrophy or formation of adhesions.
Control Group
A total of 30 patients treated only with drug therapies, excluding intra-articular treatment, were selected as the control group. The treatment consisted in oral administration of pain relievers (metamizol/paracetamol) and anti-inflammatory drugs (ibuprofen 600 mg) with an alternate pattern of 575 mg metamizol/8 h and 1 g Paracetamol/8 h, together with 600 mg ibuprofen rescue if there were no contraindication such as hypertension. Most patients required treatment resume several times over the six-month period of our study, due to aggravation of painful or inflammatory crisis.
The baseline characteristics of the patients within the control group were, Age: (mean + SD): 65.2˘4.1; Gender (%): Female (73.3%) and Male (26.6%); Kellgren-Lawrence Knee Osteoarthritis grade (%): I (16.6%), II (27.7%) and III (50%); BMI: (mean˘SD): 31.5˘3.4 and Bilateralism (%): Yes (33.3%) and No (66.6%).
Statistical Analysis
A sample size of 26 patients randomly selected from both groups constitutes a power of 85% in order to detect significant differences in the groups of 0.6 units, both in terms of pain and at rest, with a reliability rating of 95%.
In order to measure the effect of infiltration, an analysis of paired samples was carried out between the pain experienced by patients in both groups before and after being infiltrated. Then, the Shapiro-Wilk normality test was applied. In cases in which scores for initial VAS pain and post-intervention VAS pain were normal, the Student's t-test was applied. For the other cases, the Wilcoxon test was used. The same analysis was performed on the KOOS subscales for symptoms, activities, function in sport and recreation and knee-related quality of life after three months and six months, in relation to initial values.
We defined the variable "variation of pain scale" as a difference between the initial and final VAS values, analyzing if there were statistically significant differences between the two groups. For the EUROQOL scale, the variations for each subscale compared to the baseline values were analyzed, establishing the arithmetic difference between both forms, with negative values indicating a worsening, values equal to 0 indicating no change and positive values indicating an improvement.
The relationship between the grade of osteoarthritis and response to treatment was studied by building a multivariate model in which the dependent variable was the variation in the pain score and whose independent variables included the grade of arthritis and the treatment type, controlling for potentially confusing variables such as gender, age and BMI. Also evaluated was whether the bilateral nature of the process or being treated by anesthetists or traumatologists influenced the response to the applied treatment.
Conclusions
PRP injections proved to be effective in reducing pain and improving patient functionality with an effectiveness pattern comparable to the control treatment (HA). Although no statistically significant differences in pain control were found between treatments, PRP injections proved to improve quality of life of a larger number of patients particularly at three months post-infiltration. Finally, PRP injections seem to be more effective than control HA in patients with less serious arthritis.
